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Aim Previous animal studies have demonstrated differences in perfusion and perfusion reserve between the subendocar-
dium and subepicardium. 320-row computed tomography (CT) with sub-millimetre spatial resolution allows for the
assessment of transmural differences in myocardial perfusion reserve (MPR) in humans. We aimed to test the hypoth-
esis that MPR in all myocardial layers is determined by age, gender, and cardiovascular risk profile in patients with
ischaemic symptoms or equivalent but without obstructive coronary artery disease (CAD).

Methods
and results

A total of 149 patients enrolled in the CORE320 study with symptoms or signs of myocardial ischaemia and absence of
significant CAD by invasive coronary angiography were scanned with static rest and stress CT perfusion. Myocardial
attenuation densities were assessed at rest and during adenosine stress, segmented into 3 myocardial layers and 13 seg-
ments. MPR was higher in the subepicardium compared with the subendocardium (124% interquartile range [45, 235]
vs. 68% [22,102], P , 0.001). Moreover, MPR in the septum was lower than in the inferolateral and anterolateral seg-
ments of the myocardium (55% [19, 104] vs. 89% [37, 168] and 124% [54, 270], P , 0.001). By multivariate analysis, high
body mass index was significantly associated with reduced MPR in all myocardial layers when adjusted for cardiovas-
cular risk factors (P ¼ 0.02).

Conclusion In symptomatic patients without significant coronary artery stenosis, distinct differences in endocardial–epicardial dis-
tribution of perfusion reserve may be demonstrated with static CT perfusion. Low MPR in all myocardial layers was
observed specifically in obese patients.
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Introduction
Based on experimental animal studies, it is well established that the
subendocardium is the part of the myocardium, which is most vul-
nerable to hypoperfusion and ischaemia.1,2 In patients with

suspected coronary artery disease (CAD), but without significant
coronary artery stenosis by invasive coronary angiography (ICA),
myocardial perfusion, and myocardial perfusion reserve (MPR)
have been extensively studied.3 These patients form a distinct and
challenging clinical entity, in which coronary microvascular
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dysfunction, in part, is thought to be responsible for symptoms and
adverse prognosis.4 Many studies have suggested an association be-
tween myocardial microvascular dysfunction and traditional cardio-
vascular risk factors, yet before the development of epicardial
coronary stenosis and have furthermore suggested MPR as an im-
portant predictor of adverse outcomes.5,6

Previous patient studies have primarily assessed transmural myo-
cardial perfusion and global left ventricular (LV) MPR. However, ani-
mal experimental studies have demonstrated large differences in
MPR between the subepicardium and the subendocardium.2 Conse-
quently, important aspects of the transmural differences of myocar-
dial perfusion and MPR from the endocardium to the epicardium in
humans remain largely unknown.

Results from the CORE320 study have demonstrated that multi-
detector computed tomography (CT) myocardial perfusion (CTP)
with adenosine stress is comparable with single-photon emission
computed tomography (SPECT) myocardial perfusion imaging for
the detection of perfusion abnormalities in patients with CAD.7 In
smaller patient populations with various presentations of CAD it
has previously been demonstrated that transmural myocardial dif-
ferences of perfusion may be assessed using CT with sub-millimetre
spatial resolution.8,9

We sought to test the hypothesis that the MPR in all myocardial
layers is determined by age, gender, and risk profile in patients with
ischaemic symptoms or equivalent but with non-obstructive CAD
by ICA.

Methods

Patient population and study design
Patients were included in the multicentre CORE320 trial (www.
clinicaltrials.gov, NCT00934037) according to previously reported in-
clusion and exclusion criteria.10 In brief, patients between 45 and 85
years of age with suspected or known CAD who were clinically referred
for ICA were included in the trial. Clinical referral was due to chest pain
or other symptoms suggestive of CAD including heart failure symptoms
in combination with an abnormal ECG or stress test. Reasons for study
exclusion were among others: known allergy to iodinated contrast med-
ia, elevated serum creatinine (1.5 mg/dL) or calculated creatinine clear-
ance below 60 mL/min, atrial fibrillation, or evidence of acute coronary
syndrome. Angina symptoms were recorded according to the Diamond
and Forrester characteristics: substernal chest pain/discomfort, pro-
voked by exertion or emotional distress, and relieved by rest and/or
nitroglycerin. Typical angina was present if all characteristics were found.
The research protocol, including SPECT, CTP, and clinically indicated
ICA, was approved by the ethical committee of each participating cen-
tre, and all patients gave informed consent. For this CORE320 sub-
study, only patients without significant CAD by ICA were included. Pa-
tients were scanned with CT at rest and during adenosine stress, and
based on myocardial attenuation values MPR was regionally assessed.
The association between MPR and its possible determinants—prede-
fined as age, gender, body mass index, race, diabetes, hypertension
and dyslipidaemia, Agatston score, and abnormal SPECT—was
assessed.

ICA and SPECT data acquisition and analysis
Clinically indicated ICA was performed within 60 days after CT examin-
ation. Coronary lesion severity was determined by quantitative

coronary angiography according to standard methods. Patients were
grouped according to ICA plaque severity, using quantitative coronary
angiography as ‘no or mild plaque’ defined as a stenosis of 0–29%
and ‘moderate plaque’ as 30–49%. Any lesion ≥50% was considered
obstructive and such patients were excluded from this sub-study.
SPECT acquisitions used 99mTc-labelled imaging agents, with �8 mCi
for rest and 25 mCi for stress MPI studies. Stress testing with exercise
or pharmacological stress agents (adenosine or dipyridamole) followed
standard protocols and were performed in CORE320 qualified labs.
Abnormal SPECT was defined as a single myocardial segment with a
visually confirmed perfusion deficit at stress thought not to be second-
ary to artefact.

CT acquisition
The CT acquisition protocol of the CORE 320 study has previously
been described in detail.10 Before the CT angiography (CTA) examin-
ation patients with a heart rate .60 received oral (75–150 mg) or IV
(up to 15 mg) metoprolol. Patients with systolic blood pressure
110 mmHg or higher received sublingual fast-acting nitrates, prior to
CTA acquisition. The CTA and CTP acquisitions were performed
with 50–70 mL of iodinated contrast according to body weight (Iopami-
dol 370 mg iodine/mL). The flow rate was 4–5 mL/s and was adjusted
according to patient weight, as previously described in detail.10 Pro-
spective ECG-triggered image acquisition was performed using a peak
tube voltage of 120 kV, a tube current of 300–550 mA according to
body weight and a gantry rotation time of 0.350–0.375 s. Image acqui-
sition was initiated by real-time bolus tracking with a target threshold of
300 HU in the descending aorta.

Twenty minutes after the rest examination with intravenous adeno-
sine (0.14 mg/kg/min) was initiated and the stress CTP scan was per-
formed after �4 min. Prospective ECG-triggered image acquisition
was performed over one or two heart beats, depending on heart rate,
using a peak tube voltage of 120 kV, a tube current of 270–470 mA
according to body weight and a gantry rotation time of 0.350–
0.375 s. Image acquisition was initiated by real-time bolus tracking
with a target threshold of 300 HU in the descending aorta.

Real-time bolus tracking was performed for both the rest and stress
scans, using a single 2 mm slice at the level of descending aorta and mid-
left ventricle prior to and during contrast arrival. The real-time bolus
tracking images prior to contrast arrival were used for myocardial base-
line attenuation measurements.

Bolus tracking images and the rest and stress volumetric CTP images
were reconstructed, using a myocardial perfusion kernel (FC03)
without edge enhancement using filtered back projection and a beam-
hardening correction algorithm described previously.11 The R–R inter-
val covered by prospective acquisition during CTP was between 75 and
95%. Rest and stress images were reconstructed at 1% intervals of the
R–R cycle with 0.5 mm slice thickness, and the phase with least cardiac
motion was selected for myocardial perfusion analysis.

CT image analysis
The primary outcome measure was global LV MPR defined as the per-
centage increase in baseline-corrected attenuation density (AD) be-
tween the rest and the stress (ADrest and ADstress) scan using the rest
scan as reference: MPR ¼ (ADStress 2 ADRest)/ADRest. For both rest
and stress images, the mean attenuation density for rest and stress
were assessed for each myocardial layer and for all myocardial segments.
Baseline correction of the rest and stress myocardial attenuation dens-
ities was determined from the bolus tracking images prior to contrast
arrival in the left ventricle. Baseline myocardial attenuation (ADBaseline)
was the mean attenuation measured across the three images. The
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baseline-corrected AD for the rest and stress images were calculated as
ADRest 2 ADBaseline and ADStress 2 ADBaseline, respectively.

Values of AD were obtained using a commercially available software
package (Myocardial Perfusion, Toshiba Medical Systems). An automatic
border detection algorithm defined the endocardial and epicardial bor-
ders, and careful manual correction was done to avoid any inclusion of
the left or right ventricular blood pool or any extra-cardiac tissue. An
automated segmentation of the myocardium was done using a previous-
ly described 13 segment model, and the software provided the average
AD values per myocardial segment.12 Septum was defined as segments
2, 3, 8, 9, anterolateral segments were defined as segments 1, 6, 7, 12,
and inferolateral segments as segments 4, 5, 10, 11. The apex, segment
13, was excluded from the analysis. The myocardium was automatically
divided into three equally thick layers: the subendocardial, mid-
myocardial, and subepicardial layers (Figure 1).

Visual assessment of all myocardial segments was performed by two
independent readers that noted any artefact from motion, beam-
hardening, or cone beam as previously described.13 Segments with arte-
facts were excluded from the analysis. LV mass was assessed from CT
images.

Statistical analysis
All data were analysed in the statistical core laboratory at the Bloom-
berg School of Public Health. Myocardial attenuation density values
are presented as median and interquartile range. Global and regional
MPR in the LV septum, anterolateral and inferolateral myocardium
were compared using pairwise Wilcoxon rank-sum tests. To test the
primary hypothesis, first univariable analysis (linear regression or
Wilcoxon rank-sum tests) was performed to evaluate determinants

Figure 1 Attenuation density (AD) was measured in 3 myocardial layers (endo-, mid-, and epi-) and 13 segments during rest (A: ADRest) and
during adenosine stress (B: ADStres). From these measurements regional and global MPR was calculated using the given formula. A difference in
endo- to epi-perfusion reserve is noted during adenosine with markedly higher perfusion in the epi layer (B: yellow arrow).
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(body mass index, coronary calcium, ICA plaque severity, gender, race,
diabetes, hypertension, dyslipidaemia, and LV mass) of MPR (outcome).
Upon identification of body mass index as a determinant of MPR, a ser-
ies of nested multivariable linear regression models were performed.
The base models included age, body mass index, coronary calcium, gen-
der, race, diabetes, hypertension, dyslipidaemia, and abnormal SPECT
result as predictors; the second model was nested in the first and in-
cluded LV mass. The threshold of significance was P , 0.05. Statistical
analyses were performed using SAS 9.2, Stata 11, and SPlus 8.0.

Results
A total of 381 patients were included in the CORE320 study, and
out of these patients 149 (39%) were free of obstructive CAD by
ICA. Patient demographics are presented in Table 1. Mean heart
rate during rest was 55 [50–59] bpm increasing to 72 [65–80] dur-
ing adenosine stress (P , 0.001). The proportion of patients with no
coronary disease (no plaque) on ICA was 8. The proportion of pa-
tients with a mild quantitative coronary angiography stenosis of 1–
29% was 86/149, 58% and the proportion of patients with moderate
stenosis (30–49%) was 55/149, 37%.

Patients received a median radiation dose of 3.2 mSv (IQR: 2.8–
3.5) for CTA and 5.2 (3.9–6.0) mSv for CTP.

Myocardial perfusion and perfusion
reserve
LV myocardial attenuation density values for rest and stress are pre-
sented in Table 2. In the whole study group, the median, baseline-
corrected transmural myocardial AD was 24 [19, 31] HU at rest
and 43 [33–52] HU at stress (P , 0.001) resulting in an overall me-
dian transmural MPR of 104% [37–172%]. We found an increasing
median MPR in the endo- to epi-direction with a significantly lower
median MPR in the subendocardial myocardium compared with
mid- and subepicardial layers (Figure 2).

Global LV (top) and regional transmural differences of MPR be-
tween LV walls (bottom) are given in Figure 3. The MPR in the sep-
tum was 2.3 and 1.6 times lower compared with anterolateral and
inferolateral regions. The lower MPR in the septum was caused by
a higher rest attenuation in the septum compared with anterolateral
and inferolateral segments (33 vs. 15 HU and 22 HU, P , 0.0001 for
both), which was more pronounced in the epicardial layer (32 vs.
9 HU and 14 HU) compared with the endocardial layer (37 vs.
24 HU and 29 HU).

Determinants of MPR
Univariate correlations to MPR are presented in Table 3. There was
no difference in ADrest, ADstress, and MPR between patients with
and without abnormal SPECT, as presented in Figure 4. In men but
not in women, MPR was found to be inversely correlated to age
(MPRtransmural, P ¼ 0.04). There was a tendency towards lower
MPR in patients with diabetes and hypertension, but this was not sig-
nificant. A significant inverse correlation between MPRendo and LV
mass was noted (estimate 20.002, P ¼ 0.03).

We found patients with non-significant moderate coronary pla-
que as determined by ICA to have a median global MPR of 107
(IQR 39–184) compared with 103 (IQR 37–165, P ¼ NS) in pa-
tients with no or mild plaque.

By univariate analysis we found that transmural MPR was signifi-
cantly determined by body mass index; comparisons between BMI
groups for ADrest, ADstress, and MPR are presented in Figure 5. Low-
er MPR in obese patients appears to be the consequence of higher
baseline perfusion values. In women a slightly higher median ADrest

(25 vs. 21 HU, P ¼ 0.002) and moderately higher ADstress compared
with men (49 vs. 34 HU, P , 0.0001) was noted. This pattern was
found in all myocardial layers; however, there was no significant dif-
ference between genders for MPR women vs. men (Transmural
MPR: 108% vs. 99%, P ¼ 0.34).

Multivariate analysis showed that BMI is inversely correlated with
MPR both transmural (see Table 3), subendocardial (a ¼ 20.03,
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Table 1 Demographic characteristics

Characteristic N (%) or Median
[IQR]

Number of patients 149

Age, years 61 [54, 67]

Male sex 75 (50.3)

Race (African-American) 21 (14.1)

Height 165 [158, 172]

BMI 27.3 [24.4, 31.2]

,25 (normal weight) 44 (29.5%)

25–30 (overweight) 54 (36.2%)

.30 (obese) 51 (34.2%)

Hypertension 106 (71.6)

Diabetes 43 (28.9)

Current smoker 29 (20.0)

Family history of CAD 61 (42.4)

Previous myocardial infarction 20 (13.4)

Dyslipidaemia 82 (56.2)

Coronary calcium score

Overall 9 [0, 118]

Agatston score 0 53 (35.6%)

Agatston score 1–10 22 (14.8%)

Agatston score 11–100 34 (22.8%)

Agatston score 101–400 28 (18.8%)

Agatston score .400 12 (8.1%)

Angina at presentation

Typical 37 (25%)

Atypical 77 (52%)

Other signs/symptoms suggestive of CADa 35 (23%)

Medication (per cent of patients)

Nitro 19 (12.8)

Beta blocker 73 (49.0)

Calcium channel blocker 27 (18.1)

ACE/ARB 74 (49.7)

Other antihypertensive medication 35 (23.5)

Patients with positive SPECT 50 (33.6)

ACE, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor
blockers; BMI, body mass index; IQR, interquartile range; SPECT, single-photon
emission computed tomography; CAD, coronary artery disease.
aOther signs/symptoms suggestive of CAD: heart failure symptoms, shortness
of breath, abnormal ECG or stress test.
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P ¼ 0.002), and mid-myocardial (a ¼ 20.06, P ¼ 0.004), however,
not subepicardial (a ¼ 20.05, P ¼ 0.07). In the multivariate ana-
lysis, gender was not associated with transmural MPR, however, in
the subendocardial layer, a higher MPR was associated with female
gender (P ¼ 0.02). Adding LV mass to the abovementioned model
did not change the results. Replacing CACS with ICA assessment
of plaque severity in the model did also not change the results.

The effect of BMI on MPR was maintained in patients with angina
symptoms, with the strongest signal in the endo- and mid-layer
(MPRendo P ¼ 0.002, MPRmid P ¼ 0.002, MPRepi P ¼ 0.05,
MPRtransmural P ¼ 0.005, adjusted model), whereas no effect was
found in patients without chest pain symptoms.

Discussion
In the current study, we have demonstrated that symptomatic pa-
tients with a variable number of cardiovascular risk factors and

absence of coronary artery stenosis display significant differences
in endocardial–epicardial distribution of myocardial perfusion and
perfusion reserve. Low MPR in both endocardial, mid-, and suben-
docardial layers was observed specifically in obese patients. The
endocardial–epicardial distribution of increasing MPR in the endo-
to epi-direction observed in these patients appears to correlate with
similar perfusion patterns reported in animal models.14

Our results appear to be in concordance with previous studies
that have reported an association between obesity and impaired
endothelial dysfunction in both peripheral and coronary circula-
tion.6,15,16 In contrast to previous studies, we found that reduced
MPR as assessed by CT in obese patients was the result of an in-
crease in ADrest values rather than reduced vasodilator response
to adenosine. The explanation for this difference compared with
previous studies remains unknown, but could be related to differ-
ences of patient selection and/or methodology used. It is note-
worthy that differences of resting perfusion between normal and
obese in our study were unrelated to age and gender in the groups
that could suggest that increased body weight was the determining
factor for our finding.

We found the effect of BMI on MPR was only observed in patients
with chest pain symptoms and not in patients without. However as
the subgroup of patients without chest pain symptoms was small,
this finding could be due to low statistical power.

Previous studies have shown that women have a higher coronary
bloodflow at rest compared with men, which is confirmed in our
study.17 – 19 Chareonthaitawee et al. found that this resulted in an
overall lower MPR in women. However, in accordance with other
studies we did not find a significant difference in MPR between
women and men.18,19

Age has previously been inversely associated with MPR by
Czernin et al., studying an asymptomatic healthy population with a
broad age span [19–86 year].20 Despite a lower age span in our
study (interquartile range 54–67 years), we were able to reproduce
this inverse correlation in men.

We had expected diabetes and hypertension to have significant
impact on MPR as this has previously been reported in studies using
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Table 2 Attenuation density values of rest and stress in all myocardial layers

Rest Stress

Median [IQR] Mean+++++SD Median [IQR] Mean+++++SD

Attenuation density un-corrected

Transmural 73.7 [67.2, 79.2] 73.8+10.5 103.8 [93.7, 112.5] 103.9+13.5

Endo-layer 79.0 [74.3, 86.9] 80.9+11.1 109.3 [99.5, 118.1] 109.8+14.2

Mid-layer 72.9 [67.0, 79.1] 73.8+10.5 105.8 [95.5, 114.2] 105.6+13.9

Epi-layer 66.0 [59.7, 70.8] 65.9+9.6 95.5 [86.0, 104.3] 95.6+12.6

Attenuation density baseline-corrected

Transmural 24.0 [18.9, 31.2] 26.0+12.2 42.9 [32.6, 51.7] 42.9+14.5

Endo-layer 30.6 [24.7, 37.7] 32.7+13.1 48.1 [38.2, 58.0] 48.7+15.3

Mid-layer 24.3 [18.9, 31.2] 26.5+12.2 44.6 [34.3, 54.4] 44.9+14.9

Epi-layer 18.7 [14.9, 24.2] 20.7+10.1 35.9 [26.4, 45.9] 36.2+12.8

SD, standard deviation; IQR, interquartile range.

Figure 2 Bar diagram of the difference in MPR between the
myocardial layers. Results presented in median and interquartile
range.
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positron emission tomography (PET) and cardiac magnetic reson-
ance imaging, but did only find a trend.21 This could be explained
by a lower sensitivity of the static CT perfusion method compared
with dynamic PET. Nevertheless, we demonstrated an inverse cor-
relation between subendocardial MPR and LV mass, the latter which
to some extent reflects extent of organ damage related to hyper-
tension and/or diabetes—in accordance with earlier PET reports.22

We observed a pattern of higher endocardial than epicardial
blood flow during both rest and stress, and moreover that adeno-
sine MPR increases in the endocardial to epicardial direction. Car-
diac contraction impedes myocardial blood flow. During systole,
the myocardial compressive force increases from intrathoracic pres-
sure at the epicardial surface to equal or to exceed intraventricular
pressure at the endocardial surface.23 The limited systolic flow is di-
rected towards the epicardium and blood in the deepest subendo-
cardial layers is squeezed retrograde into more superficial
subepicardial arterial vessels. Despite these mechanical effects
that increase impedance to blood flow in the deeper myocardial
layers, it is a consistent finding across more than 20 animal studies
using microsphere derived blood flow that there is a net transmural
gradient of blood favouring the subendocardium, which reflect oxy-
gen requirements of the subendocardium.24 This requires an aug-
mentation of subendocardial blood flow during diastole in
proportion to the degree of systolic underperfusion. This diastolic
gradient of blood flow favouring the subendocardium is dependent
on a transmural gradient of vasomotor tone, with vascular resist-
ance during diastole being lowest in the subendocardium.14 Relative
myocardial perfusion as assessed with CT is a measure of diastolic
flow distribution and especially in this phase of the cardiac cycle (and

during rest) the gradient of vasomotor tone appears to be a major
determinant of the preferential subendocardial blood flow supply.14

The uncoupling of regional energetic demands and myocardial flow
by pharmacological vasodilation with adenosine—that acts by relax-
ation of vascular smooth muscle cells of resistance vessels—appears
to result in a partly offsetting of the transmural differences of vaso-
motor tone resulting in a higher epicardial flow reserve. In concord-
ance with a previous magnetic resonance imaging study, our
observations confirm that in symptomatic patients—without ob-
structive CAD—there is a significant adenosine-induced increase
in both subendocardial and subepicardial perfusion and moreover
that subepicardial MPR is higher than subendocardial.25 Thus, we
found no evidence of subendocardial ischaemia in these patients.

We found that the transmural MPR in the septum was 2.3
and 1.6 times lower compared with that of anterolateral and in-
ferolateral regions of the myocardium. This is in concordance
with a recent magnetic resonance study in healthy subjects,
which found a septal MPR that was 1.4 – 1.6 times lower than
the rest of the myocardium.26 Our study suggests that the higher
septal MPR is due to higher resting flow in the septum. This was
most pronounced in the septal subepicardium that faces right
ventricular systolic pressure and therefore in terms of regional
pressure conditions is more equated with subendocardium.

There was no detectable difference in MPR between patients
with and without one or more abnormal myocardial segments by
SPECT. This could partly be explained by regional myocardial differ-
ences with compensatory regional hyperperfusion in SPECT normal
segments. Also the presence of false-positive SPECT and the sensi-
tivity of the methods used could have influenced the results

Figure 3 Regional MPR in the LV septum, anterolateral, and inferolateral myocardium. For transmural myocardial values and each myocardial
layer. Septum vs. anterolateral, septum vs. inferolateral, and anterolateral vs. inferolateral were all significantly different (P , 0.05).
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Limitations
We describe flow patterns in patients suspected of CAD, but without
coronary artery stenosis as verified by ICA. In the future, it will be
important to further decrease radiation dose associated with CTP
to permit the assessment of reference values in healthy individuals.

No reference method was used to substantiate the CT findings
with regard to physiological transmural flow distribution in
humans. Yet, CT has been well validated in animal experimental
models27 and although MR and PET may provide some information
with regard to differences in the transmural perfusion distribution
they are limited by lower spatial resolution compared with CT.

We used a beam hardening correction algorithm that has been
validated using myocardial phantoms and animal models of coronary
ischaemia and found that beam-hardening artefacts can be ad-
equately corrected for.11 All cardiac segments were carefully ana-
lysed and excluded from further analysis at the presence of
artefacts. Nevertheless we cannot exclude that image motion or
other artefacts may have affected attenuation values to some extent.

The present study uses adenosine as stressor, thus we are measur-
ing both endothelium-dependent and non-endothelium-dependent
flow changes. A true reflection of endothelium-dependent micro-
vascular function would be a response to acetylcholine or a cold
pressor test.
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Table 3 Determinants of MPR in univariable and multivariable analysis

Variable Univariable analysis Multivariable regression analysis

Median [IQR] P-value Estimate P-value

Binary

Male gender

No 107 [54–165] 0.31 20.25 0.22

Yes 99 [31–181]

Black race

No 101 [34–165] 0.70 0.23 0.42

Yes 110 [30–207]

Diabetes

No 110 [49–183] 0.12 20.09 0.67

Yes 75 [14–152]

Hypertension

No 113 [54–192] 0.28 20.20 0.41

Yes 96 [32–170]

Dyslipidaemia

No 103 [37–157] 0.56 0.24 0.25

Yes 106 [44–185]

Abnormal SPECT

No 103 [34–161] 0.83 0.01 0.97

Yes 102 [44–181]

Continuous Estimate P-value

Age 20.01 0.48 20.01 0.37

Body mass index 20.04 0.039 20.05 0.02

Coronary artery calcium score 0.0001 0.42 0.0003 0.21

SPECT, single-photon emission computed tomography.

Figure 4 Differences between patients with and without abnor-
mal SPECT, showing median values of myocardial attenuation at
rest (ADRest) and during pharmacological vasodilation (ADStress)
and MPR (in %).
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Interobserver variability of MPR measurements was not assessed.
However, using the same method for assessment of segmental
ADrest and ADStress we previously found a mean difference of
2+1 HU with 95% limits of agreement from 0 to 3 HU.9

Our study uses a static CT perfusion image that only provides the
relative difference between rest and stress. In contrast dynamical CT
perfusion imaging is a promising technique that may provide reliable
measures absolute myocardial bloodflow during both rest and
hyperaemia, which could provide a more accurate assessment
than static CT.28

Conclusion
In patients with suspicion of CAD, but free of significant coronary
artery stenosis, the MPR increases in the endocardial to epicardial
direction. The epicardial perfusion reserve was reduced in the ven-
tricular septum, contributing to an overall transmural reduced MPR
in this region. High body weight was the strongest independent
determinant of MPR in all layers of the myocardium.
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